The remarkable regeneration capability of plant tissues or organs under culture conditions has underlain an extensive practice for decades. The initial step in plant in vitro regeneration often involves the induction of a pluripotent cell mass termed callus, which is driven by the phytohormone auxin and occurs via a root development pathway. However, the key molecules governing callus formation remain unknown. Here we demonstrate that Arabidopsis LATERAL ORGAN BOUNDARIES DOMAIN (LBD)/ASYMMETRIC LEAVES2-LIKE (ASL) transcription factors are involved in the control of callus formation program. The four LBD genes downstream of AUXIN RESPONSE FACTORs (ARFs), LBD16, LBD17, LBD18 and LBD29, are rapidly and dramatically induced by callus-inducing medium (CIM) in multiple organs. Ectopic expression of each of the four LBD genes in Arabidopsis is sufficient to trigger spontaneous callus formation without exogenous phytohormones, whereas suppression of LBD function inhibits the callus formation induced by CIM. Moreover, the callus triggered by LBD resembles that induced by CIM by characteristics of ectopically activated root meristem genes and efficient regeneration capacity. These findings define LBD transcription factors as key regulators in the callus induction process, thereby establishing a molecular link between auxin signaling and the plant regeneration program.
Introduction
Plant cells have been widely believed to have pluripotency because most of the already differentiated organs or tissues from higher plants are capable of regenerating new organs or even whole plants under appropriate culture conditions [1, 2] . The in vitro regeneration programs of plants are mainly mediated by phytohormones auxin and cytokinin [3, 4] . Remarkably, a low auxin/cytokinin ratio in medium promotes shoot regeneration while a high ratio stimulates root formation; and an optimal ratio of auxin/cytokinin induces the formation of callus [3, 5] . In a commonly used Arabidopsis regeneration system, the pieces of organs (explants) are pre-incubated on auxin-rich callus-inducing medium (CIM) to form callus. Subsequent cultures of callus on shoot-inducing medium (SIM) or root-inducing medium (RIM) with different auxin/cytokinin ratios lead to the regeneration of shoots or roots, respectively [5, 6] . Similar manipulations have been extensively employed for in vitro propagation and gene transformation in a wide variety of plant species for more than half a century [2] .
Callus induction is often the initial step in a typical in vitro plant regeneration system. Because callus has an unorganized structure and high regeneration capability, callus induction has long been believed to be a process whereby already differentiated cells dedifferentiate to acquire pluripotency [7] [8] [9] . The gene expression and proteomic profile analyses of Arabidopsis root or cotyledon explants on CIM showed that profound changes occurred in both the transcriptome and proteome during callus induction [6, 10, 11] . However, since direct organogenesis has been observed when some of plant tissues or organs were cultured on SIM or RIM [12, 13] , there is another possibility that some kind of pre-existing cells within explants are potentially stem cell-like, and might selectively proliferate to form callus. The developmental events during callus induction were characterized in Arabidopsis only recently. Atta et al. [12] showed that the calluses from root and hypocotyl explants were originated from xylem pericycle or pericycle-like cells, and callus formation occurred similar to the establishment of lateral root meristems with a characteristic of expression of a few root meristem-marker genes. A recent work also suggested that callus formation in Arabidopsis aerial organs, such as cotyledon and petal, was via activation of a root development pathway [14] . These studies implicate that callus formation may not be a simple reprogramming process, and that ectopic activation of the root development program appears to be a common mechanism underlying callus induction [14] . Although auxin has been shown to be essential for the callus induction process [3, 15] , the molecular link between auxin signaling and callus induction has never been established in the in vitro plant regeneration system.
The LATERAL ORGAN BOUNDARIES DO-MAIN (LBD) (also known as ASL for ASYMMETRIC LEAVES2-LIKE) proteins belong to a family of plantspecific transcription factors, characterized by an N-terminal-conserved LOB/AS2 domain with a CX 2 CX 6 CX 3 C motif and a Leu zipper-like sequence [16, 17] . The LBD family comprises 43 members in Arabidopsis, 35 in rice and 57 in poplar [18] [19] [20] [21] . Functional characterization of several LBD members revealed that LBD genes play critical roles in defining lateral organ boundaries and regulating many aspects of plant development, including root, leaf, inflorescence and embryo development. For example, the founding member of this family, Arabidopsis LBD6/AS2, is involved not only in a regulatory loop that maintains shoot meristem and defines lateral organ boundary antagonistically with SHOOT MER-ISTEMLESS [22] , but also in the control of leaf polarity and flower development by interacting with AS1, a MYB transcription factor [23, 24] . Arabidopsis LBD30 and LBD18 positively regulate xylem differentiation in leaf and root [25] , and poplar LBD1 is involved in the regulation of secondary growth [26] . Importantly, LBD genes are critical for root development in both dicots and monocots. Arabidopsis LBD16, LBD29 and LBD18 have been found to be direct or indirect targets of AUXIN RESPONSE FACTORs (ARFs), ARF7 and ARF19, to synergistically regulate lateral root formation [27, 28] , demonstrating that LBD genes are directly involved in the auxin signal cascades in lateral root patterning. Rice CROWN ROOTLESS1 and maize ROOTLESS CON-CERNING CROWN AND SEMINAL ROOTS, two close homologues of Arabidopsis LBD29, regulate the formation of monocot-specific crown roots [29] [30] [31] . Recent studies also indicate that some of LBD members, such as Arabidopsis LBD37, LBD38, LBD39 and rice LBD37, are involved in the regulation of anthocyanin and nitrogen metabolism [32, 33] .
Here we report that the callus induction in Arabidopsis regeneration is mediated by LBD genes. We show that the four LBD genes downstream of ARFs, LBD16, LBD17, LBD18 and LBD29, are highly induced by CIM, and that overexpression of each of the LBD genes promotes callus formation in the absence of exogenous phytohormones, while suppression of LBD function inhibits the callus induction process. We also provide evidence that LBDdirected callus formation resembles callus induction by CIM. These results identify LBD transcription factors as key regulators that mediate auxin signals and direct callus formation in the in vitro plant regeneration program.
Results

LBD16, LBD17, LBD18 and LBD29 are dramatically and rapidly induced by CIM
To identify key regulators mediating callus formation in the plant regeneration system, we used the Affymetrix Arabidopsis ATH1 GeneChips and analyzed the genomescale transcriptomes of both root and shoot (aerial organs) explants of Arabidopsis seedlings after incubation on CIM. Previous studies have indicated that incubation of Arabidopsis root and hypocotyl explants on CIM for 3-5 days is sufficient to result in visible callus initiation from xylem pericycles [8, 12] , and that callus formation in multiple organs follows a same root development pathway [12, 14] . We therefore compared gene expression profiles between original explants and those incubated on CIM for 12, 24, 48 and 96 h, respectively, and focused on the genes that were up or downregulated by CIM in both shoot and root explants. Among a set of differentially expressed genes identified (GEO accession number GSE29543), the four LBD genes, LBD16, LBD17, LBD18 and LBD29, were dramatically upregulated by CIM in both explants (from 7-to 212-fold) ( Figure 1A ). To validate this result, we further performed quantitative real-time RT-PCR (qRT-PCR) and examined their expression levels in the explants transferred to CIM. As shown in Figure 1B and 1C, the four LBD genes were also early responsive to CIM, among which LBD16, LBD17 and LBD29 were apparently induced by CIM within 1 h, while induction of LBD18 occurred slightly later. These results demonstrate that the four LBD genes are rapidly and highly induced by CIM during callus induction. (purple), LBD18 (red) and LBD29 (green) in shoot (B) and root (C) explants on CIM. The expression level of each gene at each time point after normalized to ACTIN2 was versus to that at 0 h, and the data (log 2 ) from three biological replicates were shown as means ± SD.
expressed in young lateral roots and LBD29 in lateral root primordia, while LBD18 was more ubiquitously detected in most organs [19, 28, 34] . To investigate the temporal and spatial expression of LBD genes during callus induction, we chose LBD16 and LBD18 as the representatives and carefully examined their expression patterns during callus induction using ProLBD16:GUS and ProLBD18:EGFP:GUS transgenic seedlings. Consistent with previous observations [27, 28, 35] , LBD16 was only expressed in LRP, root stele nearby LRP and emerged lateral roots ( Figure 2A ). However, after seedlings were incubated on CIM for 12 h, GUS staining expanded to the stele of elongation zone in primary roots ( Figure 2B ), and subsequently to leaves and the vascular tissues of both roots and hypocotyls after 24 h ( Figure  2C ). The GUS activity was significantly enhanced from 48 to 96 h in these organs where callus was initiating ( Figure 2D and 2E), and then declined in formed calluses at 10 days ( Figure 2F ). Similarly, although LBD18 was originally expressed in the vascular tissues of shoots and stele of the elongation zone in primary roots ( Figure 2G ), the ectopic induction of LBD18 by CIM was observed in both roots and hypocotyls where callus formation occurred subsequently ( Figure 2H -2L). These observations strongly suggest that the dynamic expression of these LBD genes correlates with the callus initiation process.
Overexpression of LBD genes is sufficient to trigger callus formation without exogenous phytohormones
Of the 43 LBD members in the Arabidopsis genome, the expressions of LBD16, LBD17, LBD18 and LBD29 are all inducible by auxin [28, 36] , a phytohormone required for callus induction in in vitro plant regeneration [15] . More importantly, LBD16, LBD29 and LBD18 have been shown to regulate lateral root formation, a pathway that callus formation may follow [12, 14, 27, 28] . Therefore, we hypothesized that the ectopic expression of LBD genes induced by CIM may be responsible for the auxininduced callus formation program. To test this, we ectopically expressed LBD16, LBD17, LBD18 or LBD29 under the control of the cauliflower mosaic virus (CaMV) 35S promoter in Arabidopsis, respectively. As expected, the recovered T1 transgenic seedlings overexpressing each of the four LBD genes exhibited a varied degree of spontaneous callus formation when grown on medium without exogenous phytohormones ( Figure 3 ). We generally categorized the phenotypes into strong, intermediate and weak types. Of 610 Pro35S:LBD16 transgenic seedlings recovered, ~6% of seedlings (strong) exhibited an early arrest of postembryonic development and all their organs directly developed into calluses, ~35% of seedlings (intermediate) developed with completely callused aerial or-gans and partially callused roots, and ~59% of seedlings (weak) had more lateral roots with visible calluses ( Figure  3A and 3E). Similarly, autonomous callus formation was also observed in various organs of recovered transgenic seedlings overexpressing LBD29, LBD17 or LBD18, respectively ( Figure 3B-3D ). Moreover, qRT-PCR analyses with Pro35S:LBD16 and Pro35S:LBD18 transformants clearly demonstrated that the varied degrees of callusforming phenotype correlated with the expression levels of LBD transgenes ( Figure 3F ). These findings indicate that ectopic expression of the LBD genes is sufficient to trigger callus formation in vivo.
Although the recovered Pro35S:LBD transgenic seedlings could spontaneously form callus in their organs, the phenotypes and percentages of each category varied among the seedlings harboring different LBD genes. Overexpression of LBD17 or LBD29 was able to trigger callus formation in both root and shoot organs similar to that of LBD16, whereas the phenotypes were comparatively weaker ( Figure 3A-3C ). In contrast, overexpression of LBD18 only resulted in callused cotyledons (Figure 3D) . On the other hand, overexpression of LBD16 or LBD29 led to more than 40% of the seedlings showing strong or intermediate phenotype, whereas only about 25% and 16% of seedlings could be categorized under the two categories among LBD17 and LBD18 transformants ( Figure 3E ), respectively. These observations suggest that the function of the four LBD members in callus formation is not completely redundant but differential for various organs.
When grown in soil, the transgenic plants overexpressing different LBD genes exhibited a similar morphological defect with stunted organs, and only those with a relatively weak phenotype could produce T2 progenies (Supplementary information, Figure S1 ). Visible calluses were still formed in the root or hypocotyl of weak T2 LBD16, LBD17 and LBD29 transgenic plants (Supplementary information, Figure S2 ). We excised root fragments from these weak T2 plants and cultured them on medium without exogenous phytohormones, and surprisingly, some of the root explants from T2 progenies of LBD16, LBD17 or LBD29 transgenic plants could autonomously develop into calluses (Figure 4) , confirming that ectopic expression of LBD genes is also sufficient to trigger callus formation in vitro.
To determine whether the ectopic expression of LBD may have simply influenced auxin biosynthesis in vivo, we used an auxin reporter system, DR5:GUS [37] , to Figure S3B ). These results exclude the possibility that LBD-triggered callus formation is due to the changes in auxin biosynthesis or accumulation.
Suppression of LBD function inhibits callus formation
To further explore the function of LBD genes during callus formation, we obtained T-DNA insertion mutants, lbd16-2 and lbd18-1, two mutants that are publicly available among the four LBD genes. lbd18-1 is a null mutant of LBD18 gene (Supplementary information, Figure S4A and S4C) [27] , and lbd18-1 seedlings did not show a distinguishable defect in lateral root initiation and CIMinduced callus formation (Supplementary information, Figure S5 ). By contrast, lbd16-2 seedlings had a reduced number of lateral roots ( Figure 5A and 5B), and CIMinduced callus formation was apparently attenuated in lbd16-2 ( Figure 5C and 5D ). It should be noted that a low level of truncated LBD16 transcripts was expressed in lbd16-2 (Supplementary information, Figure S4A and S4B). To further overcome the functional redundancy of LBD members, we used a chimeric repressor-silencing technology [39] by expressing a LBD16:SRDX (SUP-PERMAN repression domain) chimera under the control of CaMV 35S promoter, which converts the LBD16 transcriptional activator to a repressor that dominantly represses LBD function in transgenic plants [28] . As expected, repression of LBD function dramatically blocked the lateral root initiation and CIM-induced callus forma- (Figure 5A-5D) . These results clearly demonstrate that LBD transcription factors are required for the auxin-induced callus formation program.
Callus triggered by LBD resembles that induced by CIM
The callus derived from multiple organs on CIM resembles the tip of root meristem by enriched expression of root meristem genes [12, 14] . To investigate the molecular property of the callus triggered by LBD genes, we examined the expression of three cell-type markers, ProPLT1:PLT1:YFP, ProWOX5:GFP and J2632, in T1 Pro35S:LBD16 and Pro35S:LBD29 transgenic seedlings, respectively. The expression of ProPLT1:PLT1:YFP, a marker specific for root stem cells [40] , was confined only in the quiescent center (QC) and stem cells of root meristem in control seedlings ( Figure 6A ). However, the fluorescent signals were ectopically visualized in hypocotyl and vascular tissues of leaf and root in Pro35S:LBD16 seedlings ( Figure 6A ). Such signals were continuously observed when these organs developed into callused structures, and finally were present in the internal region of formed calluses ( Figure 6A ). Similarly, a dramatic activation of ProWOX5:GFP, a marker specific for root QC cells [41] , was observed not only in leaf, hypocotyl and root but also in calluses derived from these organs in Pro35S:LBD16 transgenic seedlings ( Figure  6B ). By contrast, the signals of J2632, a marker for epidermis [42] , declined gradually from all examined organs as callus formation occurred progressively ( Figure 6C ). Consistently, ectopic activation of ProPLT1:PLT1:YFP and ProWOX5:GFP was further observed in multiple organs and derived calluses in Pro35S:LBD29 seedlings (Supplementary information, Figure S6 ). These observations illustrate that LBD-triggered callus formation resembles callus induction on CIM by ectopic activation of the root development pathway.
We further investigated the regeneration capability of the callus triggered by LBD using root explants of transgenic plants carrying a chemical-inducible O LexA -46 promoter:LBD29 (ProXVE:LBD29) [43] . As expected, calluses were formed from the root explants when LBD29 expression was induced by 17-β-estradiol (Figure 7A and 7B) . We then transferred the calluses to SIM, and found that shoot regeneration took place efficiently from these calluses derived from ProXVE:LBD29 root explants ( Figure 7C ), indicating that, similar to those induced by CIM, LBD-directed callus cells have acquired the pluripotency required for subsequent regeneration.
LBD promotes callus formation downstream of ARFs
Recent work demonstrated that arf7 arf19 double knockout mutant was severely impaired in lateral root formation and that ARF7 and ARF19 regulated lateral root formation via direct activation of LBD16 and LBD29 [28] . To provide direct evidence that LBD-mediated callus formation is a part of the auxin signal cascades, we examined the callus-forming phenotype of arf7 arf19 on CIM.
As shown in Figure 8A , arf7 arf19 seedlings displayed an impeded callus initiation on CIM with different concentrations of auxin. Further qRT-PCR analysis showed that the ectopic induction of LBD16, LBD17, LBD18 and LBD29 by CIM was dramatically attenuated or abolished in arf7 arf19 ( Figure 8B ), indicating that these LBD genes function, at least in part, downstream of ARF7 and ARF19 during callus induction. To further confirm this, we overexpressed LBD16 in arf7 arf19, and found that transgenic arf7 arf19 seedlings harboring Pro35S:LBD16 exhibited a varied degree of spontaneous callus initiation in multiple organs ( Figure 8C ). These observations demonstrate that the four LBD genes are targets of ARFs in directing callus formation. 
Discussion
LBD transcription factors are key regulators to mediate callus formation in plant regeneration
In a typical plant regeneration system, callus induction from explants is often required for the efficient regeneration of somatic embryos or new plants. Although recent studies suggested that the callus derived from multiple Arabidopsis organs was originated from pericycle or pericycle-like cells via a root development pathway [12, 14] , the key regulators that govern callus formation remain elusive. Via a genome-scale transcriptome analysis, we identified that four LBD genes were rapidly and ectopically upregulated during the early stages of callus induction using both root and shoot explants. Further analyses revealed that these LBD genes were sufficient to and required for callus formation, and that LBD-directed calluses resembled those induced by CIM, characterized by ectopic activation of root meristem genes and regeneration capability (Figures 6 and 7) . Although transgenic seedlings overexpressing each of these LBD genes could not fully recapitulate the callus-forming phenotype observed on CIM, it is likely that the ectopic expression of these LBD members induced by CIM is synergistically responsible for triggering the callus formation process in multiple organs. Furthermore, LBD16, LBD29 and LBD18 have been reported to be involved in the control of lateral root formation [27, 28] , thus, our findings further strengthen the notion that callus formation is executed through the ectopic activation of a root development pathway [12, 14] . Although the precise molecular mechanism remains unclear, our study clearly demonstrates that LBD transcription factors are key regulators in directing callus formation in a typical in vitro plant regeneration system. In addition, since the LBD family comprises a large number of members in plant genomes, it is likely that other close LBD homologues may also have some effect on callus formation, which might explain why transgenic plants overexpressing Arabidopsis LBD6/AS2 or poplar LBD1 displayed a slightly enhanced callus-forming phenotype [18, 26] .
LBD links auxin signaling and callus induction program
Similar to that in Arabidopsis, the CIM used in other in vitro plant culture systems contains a high concentration of auxin, which has been shown to be crucial for callus induction [15] . However, the molecular link between auxin signaling and callus formation has never been established. Here, the four LBD genes we identified are all auxin-responsive genes. Previous studies indicated that LBD16, LBD18 and LBD29 are direct or indirect targets of ARF7 and ARF19 to regulate lateral root formation [27, 28] . Our analysis of arf7 arf19 double mutant further demonstrates that the four LBD genes are downstream of ARFs in directing callus formation process. Although other LBD homologues may also have an effect on the callus formation, the LBD genes downstream of ARFs obviously link auxin signaling to the callus formation program in a typical plant regeneration system (Figure 9 ).
Control of cell pluripotency in plants
In animals, the induction of pluripotent stem (iPS) cells is mediated by enforced expression of a few transcription factors, including Oct4, Sox2 and Nanog [44] . Such ectopic expression of transcription factors leads to the reprogramming of somatic cells into iPS cells [45] . However, counterparts of these transcription factors are not found in plant genomes, suggesting that the mechanism underlying the control of cell pluripotency in plants may differ from that in animals. In plants, callus induction is similar to the induction of iPS cells in animals because most of the callus cells are pluripotent. Our finding demonstrates that callus induction in plants is also modulated by ectopic expression of plant-specific LBD transcription factors. Consistent with this, the Arabidopsis WOUND-INDUCED DEDIFFERENTIATION 1, a member of plant-specific AP2/ERF transcription factor family, was recently identified to regulate the woundinduced cell dedifferentiation, a process during which similar calluses are formed in the wounded sites of explants [46] . Therefore, despite evolutionary divergence of key regulators, transcriptional regulation seems to be a common mechanism underlying the control of formation of pluripotent cells in both kingdoms.
Surprisingly, AP2/ERF-mediated cell dedifferentiation was found not to follow the root development program [46] , suggesting that there may be multiple pathways involved in the regulation of cell pluripotency in plants. It is likely that, in plants, different pathways may act to mediate different growth or environment stimuli to control cell pluripotency in a coordinative manner, thus conferring on plant tissues or cells a high regeneration capacity both in vivo and in vitro. This might also explain why the root explants of weak LBD transgenic seedlings could easily form callus without exogenous phytohormones. Finally, it is fascinating that the formation of a highly organized lateral root or unorganized calluses is dependent on the LBD abundance determined by a low-or highauxin level. A future challenge is to elucidate different downstream molecular events triggered by different LBD levels, which would also help clarify whether callus induction in plants involves cell reprogramming as does the induction of iPS cells in mammals.
Materials and Methods
Plant growth and culture conditions
Seeds of Arabidopsis thaliana were germinated on 1/2 Murashige-Skoog (MS) medium (1/2 MS salts, 1% sucrose, 0.6% agar) at a 16 h light/8 h dark photoperiod at 22 ± 1 °C. For LBD expression analysis, seedlings or explants were transferred to the CIM (B5 medium supplemented with 0.5 µg/ml 2,4-dichlorophenoxyacetic acid (2,4-D) and 0.05 µg/ml kinetin) [5] for the times indicated. To observe the callus-forming phenotype in vivo and in vitro, LBD transgenic seedlings or their root explants harboring an empty vector or a Pro35S:LBD construct were grown on B5 medium without exogenous phytohormones. To investigate the regeneration capacity of callus induced by LBD, calluses were induced from root explants of ProXVE:LBD29 transgenic seedlings on the B5 medium with 10 µM 17-β-estradiol and subsequently transferred to SIM [5] . To examine their sensitivity to auxin, lbd16-2 (SALK_040739), lbd18-1 (SALK_038125), arf7 arf19 and the homozygous Pro35S:LBD16:SRDX seedlings were cultured on CIM with varied concentrations of 2,4-D.
Microarray
Arabidopsis ATH1 GeneChips (Affymetrix, Santa Clara, USA) were used for gene expression profile analysis as described [6] . Three independent biological replicates were performed at each time points. Affymetrix GeneChip Microarray Suite version 5.0 software was used to monitor the signals for individual genes, and background correction and normalization with the log 2 scale RMA procedure were performed as described previously [47] . The corrected P-value threshold was set to 0.05. The data set is available in the public repository Gene Expression Omnibus upon publication (http://www.ncbi.nlm.nih.gov/geo/) with the accession number GSE29543.
RNA isolation and gene expression analysis
Total RNA was isolated using a guanidine thiocyanate extraction buffer [48] . qRT-PCR was performed with a Rotor-Gene 3000 thermocycler (Corbett Research, Sydney, Australia) with the SYBR Premix Ex Taq II kit (Takara, Dalian, China), and all qRT-PCRs were carried out in three technical repeats and three biological replicates for each sample. The efficiency of amplification was assessed to the transcripts of ACTIN2. The relative expression values were calculated using a modified 2 −∆∆CT method [49] . GUS activity was assayed with the method described previously [50] . The primers used for gene expression analysis are listed in Supplementary information, Table S1 .
Plasmid construction and Arabidopsis transformation
A 1.7-kb genomic DNA fragment of the LBD16 promoter upstream of start codon was amplified by PCR and cloned into pBI101 for generation of ProLBD16:GUS construct. The coding regions of LBD16, LBD17, LBD18 and LBD29 were cloned into pVIP96 [50] for generation of Pro35S:LBD16, Pro35S:LBD17, Pro35S:LBD18 and Pro35S:LBD29 constructs, respectively, and a LBD16 fused with SRDX transcriptional repression domain (LDLDLELRLGFA) linker sequence [39] was used to generate Pro35S:LBD16:SRDX construct. The coding region of LBD29 was cloned into pER10 vector for generating ProXVE:LBD29 construct [43] . All plasmids were introduced into Arabidopsis by Agrobacterium tumefaciens with a floral dip method [51] . The primers used for plasmid constructions can be found in Supplementary information, Table S1 .
Confocal microscopy
For confocal imaging, seedlings were stained lightly with propidium iodide (50 µg/ml), and immediately visualized under a confocal microscope. All images were taken under a Zeiss LSM 510 Meta confocal microscope. The propidium iodide fluorescence was excited at 593 nm and collected at 610-680 nm using a pinhole of 1 a.u., and GFP or YFP fluorescence was excited at 488 nm and collected at 495-550 nm with a pinhole setting of 2 a.u. using sequential scanning. All images were collected using a constant beam intensities and settings. The Z-stacks were reconstructed into a projection view with Zeiss LSM software, and at least 20 seedlings from each genotype were carefully imaged.
Accession numbers
The sequence data for the genes mentioned in this work can be found in Arabidopsis Genome Initiative as follows: LBD16 (At2g42430), LBD17 (At2g42440), LBD18 (At2g45420), LBD29 (At3g58190), ARF7 (At5g20730), ARF19 (At1g19220), WOX5 (At3g11260), PLT1 (At3g20840) and ACTIN2 (At3g18780).
